Despite rapid oscillations of the eyes, visual acuity is close to normal in many observers with congenital nystagmus (CN). This study investigated whether binocular hyperacuity thresholds are also close to normal in observers with CN. To do so, we assessed stereothresholds for horizontally and vertically separated line targets in three normal observers and six observers with idiopathic horizontal CN. Stereothresholds in normal observers are better than in the observers with CN, especially for horizontally-separated targets and very small inter-line separations. Stereothresholds remain better in normal observers than in the observers with CN, even in the presence of conjugate retinal image motion simulating that in jerk nystagmus. However, when the simulated CN wave form also includes disconjugate position variability of the foveation periods, normal observers' stereothresholds become similar to those of approximately half of the observers with CN. We conclude that stereothresholds in observers with CN are degraded by the more-or-less constant motion of the retinal image, by excessive vergence instability and, in some observers, by a neural sensory deficit.
Introduction
Persons with congenital nystagmus (CN) make incessant rhythmic eye movements, predominantly in the horizontal plane. These eye movements are accompanied by corresponding motions of the retinal image. Abnormalities of the afferent visual system clearly exist in some individuals with CN, for example, those who are albinos or rod monochromats (Cogan, 1967) . Other persons, with so-called idiopathic CN, exhibit no observable abnormalities in the eye or the afferent visual pathways. Nevertheless, persons with idiopathic CN usually have slightly to moderately reduced visual acuity, typically in the range of 20/25-20/80 (Abadi & Worfolk, 1989; Bedell & Loshin, 1991) .
Visual performance depends upon the parameters of the eye movements in CN, most notably the duration of the foveation periods (Dell'Osso & Daroff, 1975; Abadi & Worfolk, 1989; Sheth, Dell'Osso, Leigh, van Doren & Peckham, 1995) . Foveation periods are defined as brief intervals during the CN wave form when eye velocity is approximately 4 deg/s or less, and the target of regard is imaged on or near the fovea (Dell'Osso, 1973; Dell'Osso & Daroff, 1975) . In persons with CN, better visual acuity is associated with longer foveation periods (Abadi & Worfolk, 1989; Sheth et al., 1995; Bedell & Ukwade, 1997) . Additionally, visual acuity has been reported to depend on the beat-to-beat variability in the position of foveation periods (Bedell, White & Abplanalp, 1989) .
In normal observers, thresholds for hyperacuity tasks, such as the detection of Vernier offset and spatial interval discrimination, are extremely precise. Under optimal conditions, these thresholds correspond to spatial offsets that are finer than the spacing between adjacent photoreceptors (Westheimer, 1979) . Hyperacuity thresholds provide a sensitive indicator of visual loss as demonstrated, for example, by their elevation in persons with amblyopia (Levi, 1991) . Vernier thresholds are poorer than normal in observers with CN and, like visual acuity, are related to the duration of the foveation periods (Bedell & Ukwade, 1997) . In at least some persons with CN, Vernier thresholds are degraded more than would be expected on the basis of their retinal image motion (Bedell & Ukwade, 1997) . Stereoacuity is a hyperacuity task that requires binocular visual processing (Berry, 1948; Westheimer & McKee, 1979) . Clinical assessments indicate that most nonstrabismic patients with CN have measurable stereothresholds, although these thresholds are typically worse than normal (Goddé-Jolly & Larmande, 1973; Mallett, 1983; Guo, Reinecke, Fendick & Calhoun, 1989) . Qualitatively, the elevation of stereothresholds in persons with CN is consistent with the known effects of stimulus parameters on normal stereoacuity. Specifically, stereothresholds in normal observers are elevated by conjugate motion of the retinal image in excess of about 3 deg/s (Westheimer & McKee, 1978) and by disconjugate image motion of even slower velocities (Westheimer & McKee, 1978; Ukwade, 1996) . Normal stereothresholds worsen when the exposure duration of the stimulus is reduced, for line (Ogle & Weil, 1958; Watt, 1987) , grating (Patterson, 1990) , and random dot targets (Harwerth & Rawlings, 1977) . This effect of exposure duration on stereothresholds is not merely a consequence of temporal contrast summation, as stereothresholds are poorer for short-duration stimuli even after equating for contrast energy (Patterson, 1990; Westheimer & Pettet, 1990) . Together, these results suggest that the processing of stereotargets may be limited by the duration of the foveation periods in persons with CN. In addition, normal stereothresholds are degraded by image blur in one or both eyes (Westheimer & McKee, 1980b; Halpern & Blake, 1988; Legge & Gu, 1989; Westheimer & Pettet, 1990) , an effect that could be mimicked by the retinal image smear and reduced visual acuity in persons with CN.
The issue that we addressed in this study is whether the elevation of stereothresholds in persons with idiopathic CN is attributable to limitations imposed by the nystagmus-induced retinal image motion, or whether additional factors, such as a neural sensory deficit, are involved. We were particularly interested whether a deficit specific to the processing of binocular visual information exists in persons with idiopathic CN. Two approaches have been used to evaluate whether visual functioning is limited by the retinal image motion in persons with idiopathic CN. The first was adopted by Abadi and King-Smith (1979) , who showed that contrast sensitivity for a briefly flashed vertical line is lower than normal in persons with idiopathic CN. Because the line was exposed for only a fraction of a millisecond, nystagmus eye movements produced no appreciable motion or smear of the retinal image and the measured reduction in sensitivity must be presumed to result from a sensory deficit. The second approach assesses the influence of image motion similar to that in persons with CN on the visual performance of normal observers. This strategy reveals the magnitude of the visual impairment that results directly from image motion. Any further impairment in persons with idiopathic CN presumably results from an additional source, such as a sensory abnormality. Previously, we used this second approach to address whether visual acuity and hyperacuity in persons with CN can be explained on the basis of the retinal image motion of the target alone (Currie, Bedell & Song, 1993; Chung & Bedell, 1995; Bedell & Ukwade, 1997) . We adopt the same approach in the current study.
Methods

Obser6ers
Six persons with idiopathic CN and three normal observers participated in this study, consequent upon their informed consent. The experimental protocol was first reviewed by the University of Houston Committee for the Protection of Human Subjects. All but one of the observers with CN had equal visual acuities in the two eyes, ranging between 20/20 and 20/40 with optical correction. All were selected to be orthotropic. The three normal observers had corrected visual acuities of at least 20/20 and good ocular alignment and motility. The visual and oculomotor characteristics of the observers with CN are summarized in Table 1 . As shown in the table, the predominant CN wave form was pendular in two observers and jerk in the rest. All of the observers had participated previously in studies of visual hyperacuity and all wore their optimal refractive correction for these experiments. With the exception of one of the normal observers, all were naive as to the details and purpose of the experiment.
Instrumentation and procedures
The stimuli in this study were 30 arc min long×0.2 arc min wide, bright vertical lines presented on an oscilloscope (240 Hz refresh rate) in a dark room. The experiments were performed in darkness to minimize interference from peripheral fusion cues. Polarized stereo half-views were shown side by side on the oscilloscope and viewed through a modified mirror haploscope (Wheatstone, 1838) , shown schematically in Fig.  1 . Each eye's polarized half-view was seen after reflection from one fixed and one rotatable mirror. The rotatable mirrors were mounted on matched G325D galvanometers, controlled by CCX-650 Scanner controllers (both from General Scanning, Inc). The input voltages to these controllers were derived from two digital-to-analog channels of a Scientific Solutions Labmaster board, mounted in a Zenith IBM-compatible computer system. With this set up, the retinal image motion in CN could be simulated in normal observers by synchronously oscillating the mirrors in front of each eye. The observer's head position was steadied with respect to the instrument at a viewing distance of 3.95 m using head and chin rests.
Observers saw a pair of fused vertical lines, separated horizontally or vertically. Westheimer and McKee (1980a) found that stereothresholds were lowest for a line-to-line separation of about 10 arc min, and were elevated for both greater and smaller separations. Preliminary testing in normal observers confirmed that thresholds were greatly elevated when the line targets were abutting. Consequently, in the current study, the separation between the test and reference lines ranged from 5 to 80 arc min vertically. The maximum inter-line separation was limited to 60 arc min horizontally by the size of the oscilloscope screen. The luminance of each line was 30 cd/m 2 , as measured using a Pritchard Spectra photometer through the polarizing filters. The viewing duration was unlimited.
On each trial, the pairs of lines were presented with one of seven predetermined disparities: Three equally spaced values in the crossed and uncrossed directions and zero. The observer initiated each trial when ready and used a joystick to indicate the perceived position in depth of the bottom or lefthand test line with respect to the top or righthand reference line. No feedback was provided for correct or incorrect answers. Each run consisted of 70 trials, presented using the method of constant stimuli. Stereothresholds were determined offline by probit analysis and correspond to a change from 50 to 84% on the psychometric function. In the graphs below, the plotted threshold for each condition is the average of at least two replications. Before the commencement of data collection, observers practiced on the stereo-tasks until their performance became asymptotic (Wittenberg, Brock & Folsom, 1969; Fendick & Westheimer, 1983) .
In the normal observers, stereothresholds were determined for stationary targets and during image motion simulating that produced by horizontal jerk CN. Synchronous movement of the galvanometer-driven mirrors in front of both eyes produced binocular conjugate image motion with an amplitude of 8°and a frequency of 4 Hz. These values approximated the amplitude and frequency of nystagmus in the observer in our sample (AJ) with the most severe CN. Because normal observers are unable to track temporal frequencies of motion greater than 2-3 Hz (Wheeless, Cohen & Boynton, 1967; Winterson & Steinman, 1978; Currie et al., 1993) we presume that the motion of the retinal image closely approximated the motion of the targets. The simulated CN wave form consisted of a zero-velocity portion, a constant-velocity ramp in one direction, and a rapid saccade-like phase in the opposite direction. The zerovelocity portions represent simulated foveation periods, which ranged in duration from 20 to 120 ms between experimental runs.
The position of the simulated foveation period was varied from beat-to-beat in a set of ancillary experiments. For these ancillary experiments, the inter-line separation of the stereo targets was generally equal to 10 arc min. The induced position variability was either conjugate or disjunctive, with a standard deviation of 0, 10, 20, or 40 arc min per eye. In the disjunctive condition, these amplitudes of position variability correspond to standard deviations of vergence eye position equal to approximately 0, 14, 28, and 56 arc min. These ranges of conjugate and disjunctive variability approximate those during the foveation periods in observers with CN (Bedell et al., 1989; Ukwade & Bedell, 1992 . Fig. 2 shows sample motion wave forms with 0 or 20 arc min of conjugate or disconjugate beat-to-beat position variability, superimposed on a simulated foveation duration of 120 ms.
Results
Normal obser6ers
As shown in Fig. 3 , normal observers' stereothresholds for stationary targets increase monotonically within the tested range of inter-line separations, consistent with previous findings (Westheimer & McKee, 1977 , 1980a McKee, Welch, Taylor & Bowne, 1990) . The average data for vertically and horizontally separated targets are very similar and, over the range of separations tested, are described well by a function composed of two linear segments. The first segment has a slope of zero and extends from 5 to about 10 arc min. For inter-line separations of 10 arc min or greater, a second linear segment rises with a slope of 0.6290.13 (r= 0.83, PB 0.001) on a log-log plot. Segments with similar slopes are apparent in the published data of McKee et al. (1990) .
Average data for two normal observers, obtained with image motion simulating that in CN are plotted in Fig. 4 . With imposed retinal image motion, normal observers' stereothresholds increase systematically as the duration of the simulated foveation periods is reduced. The effect of imposed image motion is not uniform at all inter-line separations: stereothresholds are elevated more for small than for large separations between the two target lines. However, as in the no-motion condition, normal stereothresholds are similar for vertically and horizontally separated lines, indicating no meridional anisotropy.
Obser6ers with CN
Stereothresholds for each individual with CN are plotted in separate panels of Fig. 5 . For comparison, each panel includes the average normal data for the no-motion condition, and for the conditions of imposed image motion with simulated foveation duration(s) that match (observer JH) or bracket (observers CFN, WS, AJ, MSG and CRN) the average foveation period of each observer with CN. Because the normal observers show no vertical-horizontal threshold anisotropy, the comparison data presented in Fig. 5 are averaged across the horizontal and vertical directions of line separation.
Optimal , 1973; Mallett, 1983; Guo et al., 1989) . Even when the retinal image motion and foveation durations are comparable, none of the observers with CN have stereothresholds that are as good as those of the normal observers. Typically, the stereothresholds of the observers with CN are most elevated at small inter-line separations, particularly for horizontally separated lines, and approach those of normal observers at larger interline separations. Indeed, for all of observers with CN but JH, the optimal stereothreshold for horizontally separated targets is obtained at an intermediate value of line separation.
Also noteworthy in Fig. 5 is the anisotropy between the stereothresholds for vertically versus horizontally separated lines in the observers with CN. Stereothresholds are uniformly better for vertically than horizontally separated lines in observers CFN, WS, and MSG and are better at the smallest inter-line separation in observers AJ and CRN. For observer JH, the thresholds are slightly better for vertically than for horizontally separated lines at all but the narrowest separation between the targets.
The elevation of stereothresholds in the observers with CN is examined further in Fig. 6 , which compares optimal stereothresholds for the six observers with CN to the thresholds of three normal observers during imposed image motion. The data plotted for each observer with CN represent the lowest measured stereothresholds for vertically and horizontally separated lines, regardless of the inter-line separation. Optimal stereothresholds typically occurred at different vertical and horizontal separations, and a lower threshold was achieved for vertically than horizontally separated lines in four of the six observers with CN. In contrast, optimal thresholds for the normal observers during image motion exhibit no consistent vertical-horizontal anisotropy and are therefore fit with a single exponential function. The time constant of this exponential function is 799 17 ms, indicating that a simulated foveation period of approximately 240 ms (three time constants) should be required for normal observers to achieve the asymptotic (no-motion) stereothreshold.
Conjugate and disjuncti6e position 6ariability during fo6eations
The foveation periods of the CN wave form exhibit beat-to-beat position variability, which is typically greater than the variability of eye position during normal fixation (Bedell et al., 1989 ; Dell'Osso, van der Steen, Steinman & Collewijn, 1992; Ukwade & Bedell, 1992; Sheth et al., 1995) . Ukwade and Bedell (1995) reported that excessive vergence variability occurs during the foveation periods of individuals with CN also. Fig. 7 shows the effect of conjugate and disjunctive position variability of the simulated foveation periods during imposed image motion on the average stereothresholds of two normal observers. The standard deviation of the imposed position variability was 20 arc min per eye, producing a conjugate standard deviation of 20 arc min and a disconjugate standard deviation of about 28 arc min. These values approximate the average conjugate and disconjugate standard deviations determined previously for some of the observers with CN (Bedell et al., 1989; Ukwade & Bedell, 1992 . Stereothresholds are elevated by the introduction of conjugate position variability, particularly when the duration of the simulated foveation periods is short. In contrast, disconjugate position variability produces a more pronounced elevation of stereothresholds, for all simulated foveation durations tested. Both conjugate and disjunctive position variability elevate stereothresholds more for horizontally than for vertically separated targets, but only when the duration of the simulated foveation duration is brief. Qualitatively, the results obtained with larger and smaller amplitudes of imposed conjugate and disconjugate position variability were similar to those shown in Fig. 7 . As expected, the magnitude of threshold elevation co-varied with the amount of imposed variability.
The stereothresholds of the six observers with CN are compared to those of normal observers during imposed image motion with disjunctive position variability in Fig. 8 . The stereothresholds shown are for lines separated vertically and horizontally by 10 arc min, which yielded close to optimal performance for most of the observers with CN. The normal stereothresholds compared to the data of observers CFN, WS, AJ, and MSG are for a simulated foveation period of 60 ms; the normal thresholds compared to the data of observers CRN and JH are for a simulated foveation period of 120 ms. These comparisons suggest that retinal image motion which includes disjunctive position variability during the foveation periods can account for the bulk of the elevation of stereothresholds in two of the observers with CN (JH and AJ), but for only part of the threshold elevation in the other four observers (CFN, WS, MSG, and CRN). Clearly, retinal image motion per se does not account for the anisotropy between stereothresholds for vertically and horizontally separated lines that is shown by observers WS, MSG, and CRN. Fig. 9 compares the estimated elevation of stereothresholds in the observers with CN (from Fig. 8 , with disjunctive position variability taken into account) to the elevation of Vernier thresholds for vertical lines separated by 10 arc min in the same observers. This comparison is particularly relevant because the monocular configurations of the line targets used in the two studies were identical. The figure indicates that stereothresholds are elevated by either the same amount or less than the thresholds for Vernier targets in all six observers. This comparison suggests that when a sensory deficit exists in observers with CN, it is more likely to be related to the processing of each eye's retinal image than to the processing of binocular image disparity per se.
Discussion
Previous studies of contrast sensitivity, letter and Vernier acuity showed that the duration of the foveation portion of the CN wave form is an important determinant of visual performance (Dell'Osso & Daroff, 1975; Dickinson & Abadi, 1985; Abadi & Worfolk, 1989; Currie et al., 1993; Sheth et al., 1995; Bedell & Ukwade, 1997) . For instance, during image motion simulating that in CN, letter and Vernier acuity thresholds of normal observers approach an optimal value with a time constant for the duration of simulated foveation periods of about 45 and 70 ms, respectively (Chung & Bedell, 1996; Bedell & Ukwade, 1997) . In the present study, normal observers' stereothresholds decreased with the duration of the simulated foveation period with a time constant of about 80 ms, similar to that for Vernier acuity. This value is considerably shorter than the time constants of about 250 ms that can be inferred from previous measurements of line stereothresholds as a function of target duration, in which improvement occurred up to approximately 1 s (Ogle & Weil, 1958; Watt, 1987; Westheimer & Pettet, 1990) . However, in contrast to these previous studies, our stereotargets were visible during a succession of simulated foveation periods, which should have facilitated accurate fixation and convergence, and may have provided multiple opportunities for the observers to detect the direction of disparity.
A possible reason for the elevation of stereothresholds in observers with CN is a difference in the retinal image quality or the visual acuity in the two eyes, as normal stereothresholds have been shown to be substantially degraded by inter-ocular differences in target contrast or blur (Westheimer & McKee, 1980b; Halpern & Blake, 1988; Legge & Gu, 1989; Westheimer & Pettet, 1990) . However, except for WS, all of the observers with CN had similar refractive errors in the two eyes and, except for CRN, all had equal monocular visual acuities. It is therefore unlikely that unequal image quality or visual acuity in the two eyes contributed substantially to the elevated stereothresholds in observers with CN. Slightly reduced visual acuity is also unlikely to have contributed significantly to the elevated stereothresholds in CN as, in a study by Stigmar (1971) , normal subjects' stereothresholds increased only from 9 to 16 arc s when 7.6 arc min of blur were introduced into a pair of line targets.
In addition to being elevated, the stereothresholds of the observers with CN depend upon the direction of target separation. Previously, observers with horizontal CN have been shown to exhibit vertical-horizontal anisotropies for contrast detection and grating resolution (Abadi & Sandikcioglu, 1975; Abadi & King-Smith, 1979; Bedell & Loshin, 1991) , and for Vernier and spatial-interval discrimination (Ukwade & Bedell, 1994; Bedell & Ukwade, 1997) . Ukwade and Bedell (1994) determined that vertical-horizontal anisotropies for Vernier and spatial interval discrimination occurred for dot as well as for line targets, implying that these anisotropies are not attributable simply to a reduced detectability for vertically compared to horizontally oriented targets. However, observers with CN do not exhibit a vertical-horizontal anisotropy in all spatial-vision tasks. For example, Landolt-C acuity does not differ systematically according to the location of the gap in the letter C (Chung & Bedell, 1995; Pascal & Abadi, 1995) and orientation discrimination is similar for long vertical and horizontal lines (Ukwade, Bedell & White, 1993) .
The presence of a sensory deficit in some persons with CN is suggested by findings that both letter (Currie et al., 1993; Chung & Bedell, 1995) and Vernier acuity (Bedell & Ukwade, 1997) can be poorer than in normal observers under conditions of comparable retinal image motion. The results of the present study suggest that the stereothresholds of some observers with CN are also worse than those of normal observers, during comparable image motion. However, the comparison of performance in persons with CN and normal observers during similar retinal image motion is complicated by the substantial influence on stereothresholds of disconjugate position variability during the foveation periods. Disconjugate position variability dramatically elevates normal stereothresholds (Ukwade, 1996) and produces a vertical-horizontal threshold anisotropy, the magnitude of which varies inversely with the simulated foveation duration (see Fig. 7 , above). Normal stereothresholds are also elevated by misalignment of the average eye positions during binocular fixation, which is equivalent to introducing a standing or pedestal disparity in the stimulus (Ukwade, 1996) . However, the fixation disparities that we determined psychophysically for two of our observers are well within the normal range (JH, 0.7 arc min; CRN, 3 arc min), suggesting that steady-state vergence misalignment does not contribute significantly to the elevated stereothresholds in CN.
Based on the results of an earlier study (Ukwade & Bedell, 1995) , we estimated that the variability of vergence during the foveation periods of our observers' CN wave forms corresponds to an average standard deviation of about 30 arc min. However, even after taking into account the effect of approximately this amount of disconjugate retinal image motion on normal stereothresholds, four of the observers with CN continued to show elevated stereothresholds and three continued to show a vertical-horizontal threshold anisotropy. More precise measurements of the magnitude of vergence errors during the foveation periods of observers with CN would clearly be valuable, as our results indicate that vergence variability is likely to contribute substantially to the elevation of stereothresholds in CN. However, we believe that it is fair to conclude from the current data that stereothresholds in at least some observers with CN are elevated more than would be expected from their retinal image motion alone. Bedell and Loshin (1991) found that resolution for vertical gratings correlates with the magnitude of the astigmatic refractive correction in observers with CN. This finding raises the possibility that a meridional amblyopia, which results from uncorrected early astigmatism (Mitchell, Freeman, Millodot & Haegerstrom, 1973; Boothe & Teller, 1982) , contributes to the elevation and anisotropy of stereothresholds that we observed. Meridional amblyopia has been proposed to result also from sensory-neural changes produced by longstanding exposure to the retinal image motion in CN. For example, Abadi and King-Smith (1979) measured reduced contrast sensitivity for a vertically oriented line in observers with horizontal CN, even when the line was flashed for only 0.2 ms to eliminate retinal image motion and smear. Abadi and King-Smith argued that astigmatism is not the cause of the meridional loss of contrast sensitivity because most of their observers had no astigmatic refractive error during early Fig. 8 . Log stereothreshold elevation is plotted for six observers with CN for a horizontal (top) and vertical (bottom) inter-line separation of 10 arc min. Plotted threshold elevations represent the difference between the optimal log stereothreshold of each individual with CN and the log mean normal stereothreshold under three conditions: (1) no imposed image motion; (2) imposed image motion without added position variability; and (3) imposed image motion with 20 arc min per eye disjunctive position variability. Threshold elevations for observers AJ, CFN, MSG, and WS were determined with respect to mean normal stereothresholds for image motion with a 60 ms simulated foveation duration. Threshold elevations for observers CRN and JH were determined with respect to mean normal stereothresholds for image motion with a 120-ms simulated foveation duration. Fig. 9 . Log threshold elevations for vertically separated stereo and Vernier targets are compared for six observers with CN. The inter-line separation was 10 arc min. For stereopsis, threshold elevations are the log threshold for each observer with CN minus the log mean normal threshold during image motion with 20 arc min per eye added disjunctive position variability. For Vernier, the threshold elevation is the log threshold for each observer with CN minus the log mean normal threshold during image motion, without added position variability (from Bedell & Ukwade, 1997) . The log normal thresholds used to calculate the stereo and Vernier threshold elevation for each observer with CN were interpolated from fitted exponential functions.
childhood. However, the magnitude of the astigmatic refractive correction, averaged across the two eyes, correlates significantly with the vertical-horizontal anisotropy of stereothresholds in our observers with CN (log stereothreshold for horizontally separated targetslog stereothreshold for vertically separated targets, for a 10 arc min target separation; r =0.88, P = 0.021). This correlation remains relatively strong (r =0.73, P = 0.10) even when the effect of disconjugate position variability is taken into account. Contrary to the conclusion reached by Ababi and King-Smith for contrast detection, these results suggest that meridional amblyopia associated with early uncorrected astigmatic refractive error may contribute to the anisotropy of stereothresholds in CN. On the other hand, the magnitude of astigmatic refractive correction does not correlate significantly with the overall elevation of stereothresholds in our observers with CN, whether or not the influence of disconjugate position variability is taken into account (r larger =0.19, P =0.72). Consistent with this outcome, data reported by Mallett (1983) indicate that the average astigmatic refractive errors in CN do not correlate with stereothresholds (r = 0.23, P=0.47 for 12 non-strabismic patients with measurable stereothresholds). A straight forward interpretation of these relationships is that the vertical-horizontal anisotropy of stereothresholds in observers with CN is attributable, at least partly, to the effects of early uncorrected astigmatism, but that the overall magnitude of threshold elevation is not.
